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Abstract,

Polarization measurements and millisecond pulse studies

[

were continued into March 1966 during the past appariti

966 during the past appa
Reception conditions have been much improved by moving the Radio
Observatory to its new site,

The millisecond pulse data has been'analyzed and published.
It has been found that this type of Jupiter radiation.is primarily
associated with the B and C Sources and it is thought that inter-
planetary diffraction may be responsible.

Correlation and phase observations have been made at 18 Mc/s.
in addition to the usual left- and right-hand components measured
at this and at other frequencies. The records are still being |
analyzed and an approximation technique has been developed to
analyze the large quantity of data involved which, at present,
has to be handled manually.

A series of non-scientific set-backs has greatly impeded
the program of spaced-site observations. These, hopefully, have
been resolved for the 1966~7 apparition, however.

The computer programs for routine analysis of the observations
have been refined and extended. A program has been written
which prepares an activity prediction chart using the Io
correlation. Predictions during the 1965-66 apparition were

about 85% successful,



S-66 beacon satellite observations are in progress and
local measuremenﬁ of the integrated electron density of‘the
ionosphere is now possible.

Data continues to be edited and microfilmed for the NASA

Space Science Data Center.



r

l. Millisecond Pulse Experiment.

Baart, Barrow, and Lee have conducted an experiment to
observe, to identify conclusively, and to study the relationship
to normal radiation of the very short pulses (less than 50
millisecond) that have been observed in the decametric radiation
from Jupiter. These.have arbitrarily been called I-pulses.

Observations were made at 14, 16, 18, 22, and 26 Mc/s. Left-
and right-hand components were measured ét 16, 18, and 22 Mc/s. and
total power observations were made at 14 and 25 Mc/s. A null
antenna with zero reception in the direction of Jupiter and a
phase-switched interferometer were used as additional identification
aids at 18 Mc/s. Considerable attention was given to the problem
of unambiguous identification of the pulses and also to obtaining
the best possible overall time charaéteristics for the equipment
available, Measurement indicated that pulse durations down to
7 milliseconds could be detected and their left- and right-hand
components measured,

Out of a total of 92 events observed during the past
apparition, 1B contained a considerable amount of I-pulse
activity. The data has been analyzed and a detailed account has
been published. ["Millisecond Radio Pulses from Jupiter,”

ﬁ. E. Baart, C. H. Barrow, R, T. Lee. Nature, 211, 808 (1966)].

The main features of this experiment are:-

1. Axial ratio measurements (assuming 100% polarization)



show that I-pulse polarization is generally similar to that of .
the normal radiation.

2. The main source A peak is not present in the histogram
while the subsidiary sources B and C and the D null region
are as well shown aé in most general observations.

3. A possible explanation is that radiation associated
with the B and C sources is produced within a smaller region than
that from source A and so gives rise to a finer diffraction
pattern in the interplanetary medium, I-pulses mayibe present
at one frequency and not at another and this may be an indication
of the different depths and hence sizes of the source regions
in the Jovian magnetosphere at which the different frequencies
are produced,

4, So far the Io correlation appears to be more clearly
indicated for events containing I-pulses than for other events,
It is interesting to note that some other types of Jupiter
radiation also show the absence of the main source A, Examples

are indicated in Figure 1. While the millisecond pulses all
showed a definite polarization there did not appear to be any
systematic tendency for either left- or right-handed pulses to
predominate. In other words, the millisecond-type pulses and
the left-handed polarization may be independent characterisitcs
of the B and C sources. Further study of the pecularities

of these sources, particularly at low frequencies, may well

prove to be a rewarding approach for the future., (See Section 8

on Future Flans.)
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2, Polarization Measurement.

All four parameters of Jovian radiation were measured at
18 Mc/s. during the 1965-66 apparition. The overall time
characteristics of the polarimeter system permitted burst durations
of less than one secand to be distinguished. Impfoved statistics
could therefore be obtained, if réquired, by increasing the
recorder speed but manual analysis of the resulting volume of
data was extremely time consurning. Morrow and Barrow have
developed an approximation technique the results of which have
been compared with a more complete analysis for selected events
using normalized distribution of axial ratio and polarization
fraction. It has been found that the general form of the
distribution can be preserved in approximation and that the time
saved is considerable,

Calibration proved to be complicated as the polarimeter
detectors* were found to be midway between linear and square-
law with a low-intensity threshold. The best results so far have
been obtained by using a least squares fit of the calibration
points on a log-log plot and standardizing each channel of the

electronics to a separate curve before each period of observation.

3. Radio Beacon Satellite Observations.

Radio beacon satellite observations have been initiated

in order to determine more completely the local effects of the

*Custom made by Aerospace Research Incorporated.




terrestrial ionosphere on thé-Jupiﬁer radiation., The observation
program is now underway and some data has been obtained. A .-
continuous watch is to be established during the next Jupiter
apparition.

Two satellites, the 1964-64A/BE~-B and the 1965-32A/BE-=C,

- are to be monitored at Tallahassee., Both satellites are in near-

circular orbits with nominal altitudes of 1000 kilometers, that
is, above the major portion of the ionosphere. Transmitters |
aboard the satellites radiation coherent, unmodulated,. linearly
polarized, CW signals at 20 Mc/s., 40 Mc/s., 41 Mc/s., and

360 Mc/s.

The 40 Mc/s. and 41 Mc/s. transmissions are being monitored
in what is known as the 'closely spaced frequency method.' If
the observer uses two plane polarized receiving antennas, one
for each of the two frequencies, a record will be obtained
showing a periodic fluctuation of signal strength as the plane of
polarization of the radiation is Faraday rotated with respect to
the antennas. The rotation rate is different for the two

frequencies and a comparison of the resulting records allows

the integrated electron density to be determined.

4, Computing.

A prediction program has been written utilizing the Io
correlation effect, Typical outputs from the program for

December, 1966 are shown in Figures 2 and 3.

In the chart, the 'X's represent the Universal Times of

-
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coincidence of Io positions between 70° - 110° and System III
longitudes between 100° - 180°, The 'O's represent the Universal
Times of coincidences of Io positions between 220° - 260° ana
System III longitudes between 210° - 350°, The table following
the graph gives the exact Universal Times of the coincidences,
The standard-histogram program has been rewritten to expand
the quantity of data it is capable of handling and to present
the results graphically; Also the program will now produce
histograms of occurrence probability versus the departure of the

moon Io from superior geocentric conjunction.

5. Editing of Records for Microfilming.

Microfilm copies of all records are being supplied to the
NASA Space Science Data Center. The last batch of data was
copied in August, 1965. Since that time the following records
have been edited for microfilming:- 1962, 1963, and 1965-66
slow-speed records, and Brush high-speed records from 1962,

1963, and 1964 polarization observations.

Very high-speed Brush recordings, made during the 1965-66
apparition of Jupiter at Tallahassee in the course >f the I-pulse
experirent, present somewhat of a problem for copying. The
possibility of copying these continuously on 16 mm, rmovie film
is being investigated.

Another "Catalogue of Jupiter Activity" will be prepared, in

due course, for observations made in 1965 through 1967.
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6. Spaced-Site Observations.

The North-South line of stations has produced data in bbth
the 1964-5 and 1965-6 apparitions. However, the observations
réquired have yet to be achieved. During the first apparition
funds were not-available for high-speed recorders at any station
and although simultaneous observations were obtained it was not
possible to say anything about the burst structures seen at each
site. During the second apparition a small high-speed recorder
was added to eéch station but various set-backs occurred which
prevented all five stations being active at any one time throughout
the period. These were:-

Trondheim, Norway - snowstorms damaged antenna on two occasions

Valencia, Spain High-speed recorder delivered late and
further delayed in customs until about

the last two weeks of observations.

Ibadan, Nigeria High-speed recorder motor burnt out in

first week of use. Repaired locally,
unsatisfactory operation and then burnt
out again. Not available for aay of
apparition.

Grahamstown,
South Africa - Bush fire damaged feedlines and antenna.

St. Osyth,England - Operated céntinuously throughout apparition.
It is hoped that all stations will be properly operative for
all of the coming apparition., Local directors have already been
advised of slight modifications and improvements to technique  and
have been asked to request replacéments, etc., in good time.
Observations are to start on October 1, 1966.

As our first interest is in individual events observed
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simultaneoﬁsly and under standardized observing conditions rather
than long period statistics, the prediction system is to be used
during the coming'apparition. Trondheim, St. Osyth, and
Grahamstown (which have proved to be the most efficiently operated
siations so far) will continue to observe thé entire period,
Ibadan and Valencia, however, will observe only on predicted
nights, This will also help to conserve operating funds to some

extent.

7. Difficulties.

The problems encountered in the spaced-site experiment have
already been outlined in Section 6. In addition to these, the
project has been considerably delayed by its dealings with Aerospace
Research, Inc., who manufactured the pclarimeter electronics and
the phase-switches and supplied two riometers. Delivery dates
of the custom made equipment were several months late and only
one of seven items ordered arrived in perfect operational order,

In some cases the faults were relatively small, in most cases

they indicated inadequate check-out procedures prior to shipment.
The correction of these faults by Aeréspace has proved-to be a

tirme consuming business. and the two riometers are still inoperative,

The service provided by the manufacturers has not been impressive.



8. PFuture Plans.

The millisecond pulse experiment has provided some interesting

and provocative results during the past apparition. An obvious

extension of this experiment would be to improve the overall time

resolution and this could easily be achieved by the use of a
high-speed camera with an osciiloscopa display of the pulses.,

Using a dual beam oscilloscope it should be possible to photograph
the left- and right-hand components of I-pulses down to less than

1 millisecond in duration. This would be entirely new in the study
of Jupiter. It is doubtful if lengthy statistics from this type

of experiment would be profitable in terms of time involved in
analysis and information produced, unless the entire process

could be automated. Samples from representative events would,
however, be very interesting to study.

The planet Saturn is beginning to move to a more northerly
declination and will soon be observable with the Arecibo radio
telescope. In view of the many similarities of Jupiter and Saturn,
as well as the fact that Saturn has on one or two occasions been
suspected by several different workers of radiating at decameterf
wave frequencies, it would be important to study this planet
with a sensitive antenna system in an attempt to. identify such
enission conclusively. It has been shown by Stone, Alexander,
and Ericksocn using the Clark Lake 26,3 Mc/s. antenna that increased
sensitivity gives rise to a spectacular increase in the amount

of Jovian activity observed.
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Coﬁsequently; tentative arrangements have been made to
conduct a search for radio emissions from Saturn at the Arecibo
Ionospheric Observatory when Saturn is well placed for night-time
observation. July, August, and September of 1967 would be the
next occasion. Interference from a neighboring power-line has
been causing some trouble at Arecibo recently but plans have been
made to replace the present insulators 'on the line and observations
should be possible when éhis has been done.

The St., Osyth station in England is participating in an
experiment with Hewish's group at Cambridge University. An
attempt is being made to study the motion of the interplanetary
medium by spaced-site observations at 81 Mc/s. Three antennas,
along a roughly equilateral triangle of side approximately
65 miles, are being used simultaneously to monitor 3C48, The
data is transmifted by telephone lines to the Mullard Radio
Observatory at Cambridge. There is also a conventional chart
record made at each station. The antenna sensitivity is about
20 x 10726 wats. m"‘?.(c/s)"'1 and consists of 108 dipoles connected
in the form of a phase-switched grating system.

Gruber (Rhodes University) has recently made the prediction*
that harmonics exist in Jupiter radiation at 18, 27, 36. . .Mc/s.,
etc. This is based updn a statistical study of his own and the
High Altitude Observatory data during the past five years.

8l Mc/s. is a higher harmonic in this series. It is proposed,

therefore, to monitor Jupiter with the St. Osyth 81 Mc/s. antenna

*Ph.D, Thesis, Rhodes University and paper submitted to the
Astrophysical Journal. ‘
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during the coming apparition. It should be pointed out, however;
that the fringe system of the antenna is such that only about

10 minutes of observing time is available each night. Also

that, according to Gruber, even harmonicsiare more favorable

than odd harmonics. However, it is felt that the opportunity

to use.suéh a sensitivé system on Jupiter should not be missed.

.Resch has worked at Clark Lake Radio Observatory during the

~summer and with Erickson (University of Maryland) has constructed

a large fringe-sweeping 80 dipole antenna at 26.3 Mc/s. This is
to be used in an attempt to detect motion of the Jovian source
across the disc and solar emission during flare activity. Resch
also hopes to be able to measure the emission velocities of the
particles during-flare activity. This is an extension of the
study of Solar-Jupiter relationships cohducted for his M.S. Thesis,
This project is being undertaken with the Univeréity of Maryland
who have sponsored the antenna.

A proposal has been submitted tb fhe National Science
Foundation for an equipment grant to enable the Jupiter burst
data to be digitized and analyzed by.the‘compﬁter without the
intermediate manual procedure at present necessary.. The result
of this proposal is not likely to be known for some time yet.
As an interim measure a four-track Sanborn FM magnetic data
recorder has been purchased from Grant Funds, instead of furtlier
high-speed pen recorders, so that polarimeter data may be stored
on tape and hopefully digitized in the fpﬁure, eithér at Tallahassee

or with borrowed facilities elsewhere.

-



9, Publications February 1, through July 31, 1966.

"Millisecond Radio Pulses from Jupiter.”
Baart, E. E., Barrow, C. H., Lee, R, T.
Nature, 211, 808 (1966).

*Millisecond Pulses in Jupiter Radiation." (Abstract)
Baart, E. E., Barrow, C. H., Lee, R, T.
Astron. J. 71, 377 {1766).

"A Study of the Millisecond Pulses Contained in the Decametric
Radiation from Jupiter,"

lLee, R. T.

M.S. Thesis, Florida State University, July 1966.

"pPolarization of the Jupiter Radiation." (Abstract)
Barrow, C. H,, Baart, E. E,, Morrow, D. P.
Proceedings of the URSI-USNC Meeting, Washington, D.C., April 1966,

"A Catalogue of Jupiter Activity, 1961-1964.," (Abstract)
Morrow, D, P, and Barrow, C, H.
Bulletin of the American Physical Society, Series II, 11, 512 (1966).

"Solar-Jupiter Relationships." (Abstract)
Resch, G, M. and Barrow, C. H. :
Bulletin of the American Physical Society, Series II, 11, 512 (1966).

"Some Characteristics of the B and C Sources of Jovian Decametric
Radiation,.”

Barrow, C., H. and Baart, E. E.

Astron. J. (Abstract in press).

Talks Given During the Period.

"Polarization of the Jupiter Radiation."
Barrow, C. H,, Baart, E, E,, Morrow, D, P,
URSI-USNC Meeting, Washington, D. C., April, 1966.

"Millisecond Pulses in Jupiter Radiation."”
Baart, E. E., Barrow, C, H.,, Lee, R, T.
American Astronomical Society Meeting, Hampton, Virginia, March, 1966,

"Some Characteristics of the B and C Sources of Jovian Decametric
~Radiation."

Barrow, C. H. and Baart, E,., E,

American Astronomical Society Meeting, Ithaca, N.Y., July, 1966,
(Read by tltle as Airlines strike prevented attendance by authors).

Three papers presented at the Florida Academy of Sciences Meeting,
Ste. Petersburg, Florida, March, 1966.
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- BBC Television, London, England, January 1966,
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"Progress Report on Juplter Observations for Florida State University.”
Hyde, F. W.

British Astronomical Association Meeting, London, England, May, 1966.

"Progress in the Observatlons of Jupiter.”
Hyde, F. W.

"Sky at Night Programme,” (ed. P. Moore)

(Not previously reported.)

"Progress in Radio Astronomy." ' ?
Hyde, F. W, f
Colloquim, Southend College of Technology, England., ;
January, 1966. (Not previously reported). E

In Preparation.

YMeasurement of Four Parameters of Polarization."
Morrow, D, P.

M.S. Thesis, Florida State Unlver51ty.

"The B and C Sources on Jupiter.” —
Barrow, C. H. and Baart, E. E. ‘
Letter to be submitted to Nature,

Paper fOI‘ jOint S.E .A.P‘.S¢/A.P.SQ bleeting, “
Nashville, Tennessee, December, 1966. : ‘

10. Personnel,

br., E. E. Baart retdrned to South Africa in June, 1966,
Laboratorieingenior I. Halvard Torgersen has been appointed to
a Research Associateship for the Academic Year 1966-7. He 1is
to arrive during August., Mr. Torgersen has operated the
Trondheim station for the past two years.

‘There are seven graduate students presently working on the
project. Two of these are Ph.D.‘candidates, four are M.S
candidates and one is employed as Computér Programmer while being

w
an M.S. candidate in Mathematics, Resch received the degree of :



M.S. in December, 1965, Lee and Morrow hope to receive M.S.
degrees in August, 1966. Morrow is writing an account of the four-
parameter polarimeter experiment and is establishing a compromise
procedure for examining the vast amount of data on the recoxds
and-transferring this information to computer cards.

The Principal Investigator is also acting as External Examinerx

for Mr. G. M. Gruber's Ph.D. examination at Rhodes University,

South Africa,

I. Personnel Working on the Grant.

(A.) Tallahassee

C. H. Barrow, Assistant Professor and
Principal Investigator.

*E, E, Baart, Visiting Carnegie Fellow,

Graduate Assistants

L, Capone

R, T. Lee

D. P, Morrow
G, M. Resch

D, L. Thompson
J. R, Williams
J. D. Merritt

B. L, Brown, Secretary

Undergraduate Assistants

*G, R, Adcock, *C. Beagles, B. Dow, C, Falaney,
*R, Gingras, *J. Herr, L, Joeris, D. Munro,
B. Rosenblatt, C. Wurst, J. Van Pelt,

*Terminated during the period.



(B.) St. Osyth

F,

W. Hyde, Radio Engineer and Director of St.

Station (Self supported).

Technical Assistants

,F.
R,
F.

J.

D,

Cooper
Hawkins
Lundburg

Slatter

Crosswell, Part-time secretary

II. Personnel Associated with the Projeét.

(A.) Grahamstown, South Africa

E.

E. Baart, Senior Lecturer in Physics and

Director of Radio Astronomy.

G. M. Gruber, Lecturer in Physics
P, J. Harvey, Graduate Assistant

P,

Terry, Graduate Assistant

Osyth

(B.) Local Supervisors fcr the 1965 spaced-site observations.

S. E. Okoye, Lecturer in Physics, University of Ibadan.

J. Catala, Professor of Physics, University of Valencia.

H. Torgersen, Engineer, Technical University of

Trondheim,

R. W. H., Wright, Professor of Physics, University of
the West Indies,

Groups of from 3 to 5 undergraduate assistants were employed

on the Grant at St, Osyth, Ibadan, Valencia, Trondheim, and

Grahamstown during the period September 1, 1965 througa

February 28,

1966.



